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SPECIAL REPORT 

STANDARD PRACTICE OF L I Q U I D  SIZE-EXCLUSION CHROMATOGRAPHY - SEC 
(GEL PERKEATION CHROMATOGRAPHY - GPC) 

by Donald D. Bly, Chairman, ASTM D 2 0 . 7 0 . 0 4  

Subcommittee D 20.70  of t h e  American S o c i e t y  of  T e s t i n g  
and M a t e r i a l s  (ASTM) has  been a c t i v e  f o r  many y e a r s  deve loping  
s t a n d a r d  technology f o r  u s e  w i t h  t h e  p r a c t i c e  o f  l i q u i d  s i z e  ex- 
c l u s i o n  chromatography (SEC), and f o r  t h e  u s e  o f  s p e c i f i c  SEC terms 
and r e l a t i o n s h i p s .  This  report d i s c u s s e s  i n  an e lementary  way t h e  
ASTM o r g a n i z a t i o n  and phi losophy,  t h e  scope o f  t h e  work  o f  S e c t i o n  
D 20.70.04 on l i q u i d  s i z e  e x c l u s i o n  chromatography, and t h e  accom- 
pl i shments  of t h e  s e c t i o n ,  i t s  c u r r e n t  a c t i v i t i e s ,  and its f u t u r e  
p l a n s .  

velopment of  s t a n d a r d s  on t h e  c h a r a c t e r i s t i c s  and performance of 
m a t e r i a l s ,  p roducts ,  systems,  and services and f o r  t h e  promotion of  
r e l a t e d  knowledge. S tandards  i n c l u d e  test  methods, d e f i n i t i o n s ,  rec- 
ommended p r a c t i c e s ,  c l a s s i f i c a t i o n s ,  and s p e c i f i c a t i o n s .  There a r e  
more than  130 ASTM t e c h n i c a l  committees which cover  p r e s c r i b e d  a r e a s  
of  m a t e r i a l s  o r  technology,  and committee members i n c l u d e  producers ,  
consumers, and g e n e r a l l y  i n t e r e s t e d  personnel .  Each committee is open 
t o  a l l  i n t e r e s t e d  people  and e lec ts  its own o f f i c e r s  whose a c t i v i t i e s  
a r e  s u b j e c t  t o  S o c i e t y  r e g u l a t i o n s .  One o f  t h e  impor tan t  phases  of 
committee a c t i v i t y  i s  t o  g e n e r a t e  new s t a n d a r d s  which a r e  adopted o n l y  
a f t e r  t e s t i n g  i n  t h e  workplace and a f t e r  s u r v i v i n g  a m u l t i - t i e r e d  
b a l l o t i n g  process .  A s  i n  any domocrat ic  o r g a n i z a t i o n ,  the v o t i n g  p r i v i -  
l e g e  must be  e x e r c i s e d  r e s p o n s i b l y  f o r  t h e  S o c i e t y  t o  f u l l f i l l  i t s  
miss ion .  Copies of informat ion  on ASTM and t h e  v o l u n t a r y  s t a n d a r d i -  
z a t i o n  system, t h e  by-laws on t e c h n i c a l  commit tees ,  and informat ion  on 
r e g u l a t i o n s  governing ASTM t e c h n i c a l  committees can be o b t a i n e d  from 
t h e  American S o c i e t y  f o r  T e s t i n g  and Materials, 1916 Race S t r e e t ,  
P h i l a d e l p h i a ,  Pa. 19103.  

The ASTM is a n o n p r o f i t  o r g a n i z a t i o n  formed f o r  t h e  de- 
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466 BLY 

Since  about  1968 S e c t i o n  D 20.70.04 has been concerned w i t h  

s t a n d a r d i z i n g  t h e  P r a c t i c e  o f  g e l  permeat ion chromatography and w i t h  
s t a n d a r d i z i n g  t h e  u s e  of  r e l a t e d  terms and r e l a t i o n s h i p s .  
t h e  technique  t o  be  d i s c u s s e d  h a s  been known as  g e l  permeat ion chroma- 
tography (GPCI ,  and much o f  t h e  p a s t  and c u r r e n t  l i t e r a t u r e  use  t h i s  
nomenclature. However, t h e  ASTM group now recommends l i q u i d  s ize-ex-  
c l u s i o n  chromatography o r  s i z e  e x c l u s i o n  chromatography (SEC) a s  t h e  
p r e f e r r e d  and more p r o p e r l y  d e s c r i p t i v e  t e r m .  I n  f a c t ,  t h e  name of  
S e c t i o n  D 20.70.04 is  t h e  S e c t i o n  on "Liquid  S ize-Exclus ion  Chroma- 
tography. - 
l o t e d  and a r e  now i n  P a r t  35 o f  t h e  
T h i s  Annual Book o f  ASTM Standards  is r e v i s e d  y e a r l y  t o  i n c l u d e  a l l  
e d i t o r i a l  o r  b a l l o t e d  t e c h n i c a l  updates  t o  t h e  e x i s t i n g  methods. 

H i s t o r i c a l l y ,  

S e v e r a l  s t a n d a r d  methods on SEC have been s u c c e s s f u l l y  b a l -  

Included i n  P a r t  3 5  a r e :  
1. The Standard Practice f o r  use  of Liquid  Exclus ion  Chroma- 

2 .  Standard T e s t  Method f o r  Molecular Weight Averages and 
tography Terms and R e l a t i o n s h i p s .  D 3016-78. 

Xolecular  Weight D i s t r i b u t i o n  o f  Polys tyrene  by Liquid  Exclus ion  
Chromatography ( G e l  Permeation Chromatography - GPC). D 3536-76. 

3 .  Standard T e s t  Method f o r  Molecular Weight Averages and 
Molecular Weight D i s t r i b u t i o n  o f  C e r t a i n  Polymers by Liquid  Ex- 
c l u s i o n  Chromatography ( G e l  Permeation Chromatography - GPC) Using 
Universal  C a l i b r a t i o n .  D 3593-77. 

S e c t i o n  D 20.70.04 h a s  a l s o  been r e s p o n s i b l e  f o r  t h e  genera-  
t i o n  o f  t w o  l i t e r a t u r e  b i b l i o g r a p h i e s ,  and a t h i r d  is under development. 
These pamphlets can  be purchased from ASTM under:  Bib l iography o f  
-Exclusion Chromatoqraphy ( G e l  Permeat ion Chromatography) AMD 4 0 ,  

and Bibl ioqraphy of Liquid Exclusion Chromatography ( G e l  Permeat ion 
Chromatography), AMD 40-S1. Bibl iography N40 40, publ i shed  i n  1974, 
w a s  in tended  t o  i n c l u d e  a l l  t h e  GPC/SEC l i t e r a t u r e  p.rior t o  1972. The 
f i r s t  supplement of about  800 r e f e r e n c e s ,  AMD 40-51. was publ i shed  i n  
1977 and inc ludes  all of  t h e  l i t e r a t u r e  1972-1975 i n c l u s i v e ,  whi le  t h e  
similar second supplement w i l l  i n c l u d e  a l l  t h e  l i t e r a t u r e  1975-1978 i n -  
c l u s i v e l y :  i t  w i l l  be publ i shed  i n  1979-1980. Both t h e  o r i g i n a l  bib-  

l iography and t h e  supplement -Sl a r e  d i v i d e d  i n t o  8 s u b j e c t  c a t e g o r i e s ,  
and both  c o n t a i n  a permuted t i t l e  index and a n  a u t h o r  index f o r  easy  
search  purposes .  These b i b l i o g r a p h i e s  are very  v a l u a b l e  t o  workers  i n  

g e l  permeation chromatography, b u t  they do n o t  i n c l u d e  s i g n i f i c a n t  
numbers of  r e f e r e n c e s  to  g e l  f i l t r a t i o n  chromatography work. F u r t h e r  
d e s c r i p t i o n  of  these b i b l i o g r a p h i e s  and of t h e  SEC t e c h n i q u e  in-  
c l u d i n g  g e l  f i l t r a t i o n  a r e  i n  a new book by Yau e t  al. (1) 

. .  
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SPECIAL REPORT 467 

Besides  reviewing and updat ing  t h e  e x i s t i n g  s t a n d a r d  methods 
and b i b l i o g r a p h i e s ,  S e c t i o n  D 20 .70 .04  c u r r e n t l y  i s  a c t i v e  i n  deve l -  
op ing  a s t a n d a r d  high tempera ture  SEC method f o r  p o l y o f e f i n s .  The com- 
mittee i s  a l s o  working t o  deve lop  a s t a n d a r d  method o f  high-performance 
size e x c l u s i o n  chromatography and a l s o  h a s  t a s k  groups working on measure- 
ment problems such  as  base- l ine  d e f i n i t i o n ,  c u r v e  c u t t i n g ,  s t a t i s t i c a l  
s i g n i f i c a n c e  of  d a t a ,  a n a l y s i s  of  copolymers, t h e  use o f  s p e c i a l  de- 
tectors, and t h e  use  o f  bimodal columns. While n o t  a l l  o f  t h e s e  s t u d i e s  
w i l l  l e a d  t o  s e p a r a t e  s t a n d a r d  methods, t h e  p a r t i c i p a n t s  i n  t h e  t a s k  
groups.  and i n  t h e  s e c t i o n ,  b e n e f i t  from t h e  exchange o f  t e c h n i c a l  in-  
format ion  needed t o  s o l v e  these problems. When a consensus  s o l u t i o n  to  
a problem is o b t a i n e d ,  it is  b a l l o t e d  and u l t i m a t e l y  i n c o r p o r a t e d  i n t o  
t h e  a p p r o p r i a t e  s t a n d a r d  method(s )  d u r i n g  t h e  annual  r e v i s i o n  p r o c e s s .  
Consequently, u s e r s  should c o n s t a n t l y  r e f e r  to  t h e  latest  e d i t i o n  o f  
t h e  Annual Book of ASTM Standards  f o r  a method of  c h o i c e .  

I n  1968, the  o r i g i n a l  ASTM s e c t i o n  on " g e l  permeat ion chroma- 
tography" undertook t o  write one s t a n d a r d ,  g e n e r a l  GPC method, b u t  t h e  
approach was abandoned. G r e a t  d i f f i c u l t i e s  a r o s e  i n  t h e  t r e a t m e n t  of 
polymers, s o l v e n t s ,  and chromatography i n  g e n e r a l  terms. Many F3i:.mers 
r e q u i r e  s p e c i f i c  s o l v e n t s ,  hign or low tempera ture  l i m i t s  i n  h a f i d l s y ,  
s p e c i f i c  d i s s o l u t i o n  and f i l t r a t i o n  procedures ,  e tc .  f o r  t h e i r  stib- 

sequent  a n a l y s i s  by s i z e  e x c l u s i o n  chromatography, and t h e  l i s t  cf op- 

t i o n s  became t o o  g r e a t  f o r  a g e n e r a l  method t o  have meaning. Tkere- 
f o r e ,  t h e  s e c t i o n  reorganized  i t s e l f  toward the development of s p e c i f i c  
s t a n d a r d s ,  such a s  those  l i s t e d  above. The phi losophy i s  t h a t  t h e  u s e r  
of SEC can  a d o p t  t h e  p r i n c i p l e s  i l l u s t r a t e d  by t h e  method and use t h o s e  
p r i n c i p l e s  f o r  a polymer o f  s p e c i f i c  i n t e r e s t .  

more genera l  u n i v e r s a l  c a l i b r a t i o n  method was c r e a t e d  a f t e r  t h e o r y  
and technology were s u f f i c i e n t l y  developed to  j u s t i f y  t h e  approach.  
The method is  d i v i d e d  i n t o  s i x t e e n  s e c t i o n s  o r  p a r t s ,  t h e  f i r s t  five 
o f  which a r e  concerned wi th  t h e  Scope, o t h e r  Appl icable  Documents, a 

Summary of  t h e  Method, t h e  S i g n i f i c a n c e  and Use o f  such a method,and 
Uni t s  and Symbols used i n  t h e  method. The Scope begins ,  f o r  example. 
by s t a t i n g  t h a t  t h e  method ".. covers  t h e  d e t e r m i n a t i o n  of  molecular  
weight  (MW) averages  and t h e  d i s t r i b u t i o n  of molecular  weights  f o r  
l i n e a r ,  t e t r a h y d r o f u r a n - s o l u b l e  macromolecules by l i q u i d  e x c l u s i o n  
chromatography (GPC) us ing  the p r i n c i p l e s  o f  Universa l  C a l i b r a t i o n . . "  
The o t h e r  s e c t i o n s  which f o l l o w  make up t h e  rest of t h e  method,and 
their t i t les  g e n e r a l l y  are self explana tory :  

Methods D 3536-76 and D 3593-77 are s i m i l a r  i n  format .  The 

Apparatus  Used 
Column S p e c i f i c a t i o n s  
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P r e p a r a t i o n  of Apparatus 
P r e p a r a t i o n  o f  Sample 
Procedure (Chromatographic) 
C a l i b r a t i o n  
Data A c q u i s i t i o n  
C a l c u l a t i o n  o f  Molecular Weight Averages and D i s t r i b u t i o n s  
Evalua t ion  of Axial  Dispers ion  (Curve Broadening E r r o r s )  
Report 
P r e c i s i o n  and Accuracy 

BLY 

The method is w r i t t e n  as f a r  as  p o s s i b l e  i n  g e n e r a l  terms 
and no one manufac turer ' s  columns o r  chromatographic  equipment is 
S p e c i f i e d .  However, performance requi rements  a r e  s p e c i f i e d .  The 
g e n e r a l  approach is based on t r a d i t i o n a l  GPC methodology, 4 f t .  
S t y r a g e l  columns and t h e  Waters Associates Model 200 G e l  Permeat ion 
Chromatograph. T h i s  approach was taken  because  a t  the t i m e  t h e  method 
was under development o n l y  Waters equipment w a s  r e a d i l y  a v a i l a b l e  com- 
m e r c i a l l y .  However, it w a s  a n t i c i p a t e d  t h a t  a l t e r n a t i v e  columns and 
equipment would become a v a i l a b l e .  As d e s c r i b e d  below, S e c t i o n  D 2 0 . 7 0 . 0 4  

is now working on a new high-performance method to e x p l o i t  r e c e n t  tech-  
n o l o g i c a l  developments and t o  provide  a d d i t i o n a l  a l t e r n a t i v e s  t o  column 
and equipment s e l e c t i o n ,  

' While t h e  r e a d e r  i s  r e f e r r e d  t o  D 3593-77 f o r  d e t a i l s  con- 
c e r n i n g ' t h e  above s e c t i o n s  o f  t h e  method, a comment about  P r e c i s i o n  
and Accuracy is i n  o r d e r .  I n  t h e  method ( 1 9 7 7  vers ion) ,  i t  is s t a t e d  
t h a t  w h i l e  t h e  p r e c i s i o n  of t h e  method could  be e s t a b l i s h e d ,  t h e  

accuracy could  not  b e  proved s i n c e  l i t e r a t u r e  d a t a  (k 6 5 v a l u e s  of  t h e  
Mark Houwink equat ion)  must be used f o r  c a l i b r a t i o n .  I t  was l a t e r  
r e a l i z e d  t h a t  t h e  accuracy of  t h e  method could  be e s t a b l i s h e d  by com- 
par ing  SEC-computed i n t r i n s i c  v i s c o s i t i e s  and measured v i s c o s i t i e s  f o r  
a series of d i f f e r e n t  polymers. This  approach h a s  now been demonstrated.  
By round r o b i n  t e s t i n g  seven d i f f e r e n t  polymer types  i n  0 d i f f e r e n t  
l a b o r a t o r i e s ,  it was e s t a b l i s h e d  t h a t  us ing  t h i s  method and a p p r o p r i a t e  
- k and 5 v a l u e s ,  the SEC-computed i n t r i n s i c  v i s c o s i t i e s  a g r e e  i n  a l l  
cases w i t h  t h e  measured v a l u e s  w i t h i n  exper imenta l  e r r o r .  These re- 
s u l t s  i n d i c a t e  t h e  method t o  be a p p l i c a b l e  and a c c u r a t e  f o r :  poly- 
carbonate ,  poly(methy1 m e t h a c r y l a t e ) ,  poly ( o c t a d e c y l  m e t h a c r y l a t e )  , 
poly(v iny1  a c e t a t e ) ,  p o l y t v i n y l  c h l o r i d e ) ,  po lychloroprene ,and  poly- 
s t y r e n e .  This  in format ion  w i l l  be i n c o r p o r a t e d  i n t o  method D 3593-77 
when approved v i a  t h e  ASTM b a l l o t i n g  process .  

A s  technology h a s  p r o g r e s s e d , i t  h a s  become p o s s i b l e  t o  per -  
form more a c c u r a t e  molecular  weight  a n a l y s e s  by s i z e  e x c l u s i o n  chroma- 
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SPECIAL REPORT 469 

tography i n  s h o r t e r  and s h o r t e r  t i m e  p e r i o d s ,  (See Reference 1.) 
Equipment h a s  been developed t o  use  h i g h e r  p r e s s u r e s ,  lower dead- 
volume components, and s h o r t e r ,  s m a l l - p a r t i c l e  columns. Because of 
these developments, t h e  s t a n d a r d  methods ( l i s t e d  e a r l y  i n  t h i s  re- 
port) w i l l  g r a d u a l l y  become o u t d a t e d .  Thus, S e c t i o n  D 20.70.04 is 
c u r r e n t l y  working t o  d e f i n e  t h e  scope o f  a h igh  performance method. 

a rough d r a f t  o f  a working scope w a s  developed f o r  u s e  i n  s e t t i n g  up a 
high performance SEC method. S i n c e  t h i s  development i s  a c u r r e n t  ac- 
t i v i t y  o f  t h e  group,  t h e  r e a d e r  should  be  aware t h a t  t h e  f i n a l  method 
may c o n t a i n  a l t e r a t i o n s  t o  t h i s  scope.  N e v e r t h e l e s s ,  t h e  p r e l i m i n a r y  
scope is c i t e d  h e r e  so t h a t  t h e  r e a d e r  c a n  l e a r n  o f  t h e  c u r r e n t  ac- 
t i v i t i e s  of  t h e  group.  

During a r e c e n t  meet ing o f  one o f  t h e  D 20.70.04 Task Groups, 

P r e l i m i n a r y  scope: the s e c t i o n  w i l l  deve lop  a h i g h  per -  

formance method for Po1y(mcthyl m e t h a c r y l a t e )  u s i n g  u n i v e r s a l  c a l i b r a t i o n  
wi th  p o l y s t y r e n e  s t a n d a r d s .  Using t h i s  approach t h e r e  w i l l  be no 
s p e c i f i c a t i o n s  on c a l i b r a t i o n  c u r v e  shape,and the s i n g l e  broad s t a n d a r d  
c a l i b r a t i o n  concept  can  be in t roduced  and used: t h i s  approach h a s  n o t  
been employed i n  p r e v i o u s  methods. The s p e c i f i c  r e s o l u t i o n  (Ref .  2) 
expressed  a s  R s 1 0  i s  to  be g r e a t e r  than 1.8 f o r  p o l y s t y r e n e  through- 
Out t h e  range 5 x 103-2 x 10 
t a i n e d  i n  less than  30 minutes ,  i . e . ,  f o r  anywhere i n  t h i s  MW range ,  
f o r  a p a i r  of  p o l y s t y r e n e  s t a n d a r d s  one decade a p a r t  i n  MW, t h e  reso-  
l u t i o n ,  RslO, genera ted  i n  30 minutes  or less should  be  1 . 8 .  

a performance s p e c i f i c a t i o n  w i l l  be made a s  fo l lows:  t h e  c a l i b r a t i o n  
curve  should  be d e f i n e d  w i t h  p o l y s t y r e n e  s t a n d a r d s :  t h e n ,  t h e  chroma- 
tograms f o r  those s t a n d a r d s  should  be  i n t e g r a t e d  and t h e  fiw c a l c u l a t e ? .  
The r e s p e c t i v e  Gw f o r  each s t a n d a r d  should  d e v i a t e  by 5 5 %  from t h e  re- 
por ted  va lue .  I n  t h o s e  molecular  weight  r e g i o n s  of  t h e  p o l y s t y r e n e  
c a l i b r a t i o n  curve  where t h e  d e v i a t i o n s  do c o n s i s t e n t l y  exceed 5%. t h e  
c a l i b r a t i o n  curve  should  n o t  b e  used f o r  unknown samples  ( e - g .  even 
f o r  c a l c u l a t i n g  t h e  PMMA c a l i b r a t i o n  c u r v e ) .  

handl ing  procedures ,  b u t  how t h e s e  w i l l  be  s p e c i f i e d  h a s  n o t  y e t  been 
determined.  The g e n e r a l  format  o f  t h e  h igh  performance method w i l l  
fo l low t h e  format o f  D 3593-77, b u t  s e v e r a l  new s e c t i o n s  w i l l  be  added 
to  account  f o r  new technology and procedura l  s o p h i s t i c a t i o n .  The f i n a l  
d r a f t  o f  t h e  method w i l l  be  round-robin t e s t e d  by t a s k  group members 
us ing  s t a n d a r d  ASTM procedures ,  and a p r e c i s i o n  and accuracy  s t a t e m e n t  
f o r  the method w i l l  be  inc luded  i n  its f i n a l  form. 

I t  is  hoped t h i s  r e p o r t  b r i n g s  to  focus  some a s p e c t s  of  ASTM 

6 molecular  weight ,  and it i s  t o  be  ob- 

Secondly,  

I n  t h e  f u t u r e , t h e  scope w i l l  a l s o  i n c l u d e  automated d a t a  

procedures  and t h e  a t t e n d a n t  democra t ic  p r o c e s s  used f o r  deve loping  
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consensus s t a n d a r d s .  I t  is f u r t h e r  hoped t h a t  t h e  r e p o r t  will en- 
courage the use of  s p e c i f i c ,  s t a n d a r d i z e d  SEC procedures  i n  t h e  labo-  
r a t o r y .  
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